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Abstract 
This paper presents a technique for representing and analyzing 
random motions and hazardous events in a computer simulated 
three-dimensional workplace, providing machine designers and 
safety analysts with a new technique to evaluate ways to reduce 
operator-machine interaction hazards. Technical data in this paper 
is based upon a project striving to reduce workers' risks from 
being hit by underground mining machinery in a confined space. 
By simulating motions of an operator's random behavior and a 
machine's appendage, researchers can accurately identify hazards, 
and use that information to form safe designs for mining 
equipment appendage velocity. Validating the model provided 
improvements in the operator's optimal viewing area, work task- 
starting positions, and operator's motions for a more accurate 
random behavior. Preliminary simulation results provided (1) an 
interesting approach to research data gathering in that there was no 
need for live subjects and test sites and costs associated with 
experiments become insignificant and (2) that the model was 
versatile by showing it was capable of accurately mimicking the 
range collision forces versus speed, operators' size, and risk 
behaviors found in actual industrial situations and showed (I) that 
response time significantly affects the number of collisions 
experienced by the virtual subject and (2) that analysts must be 
discerning with the model and not read more From the databases 
than what the simulation model was designed to deliver. 
INTRODUCTION 
Several injuries to operators of underground coal mining 
equipment have led an investigation of safe velocities of a roof 
bolter boom arm at the National Institute for Occupational Safety 
and Health WIOSH), Pittsburgh Research Laboratory (PRL). 
Researchers considered studying actual mishaps but empirical data 
cannot be collected from the incidents. They also considered 
laboratory experimentation but the complexity and danger made 
experimentation impractical. Therefore, a computer-based, three- 
dimensional solid model simulation approach IS be~ng used as the 
primary means to gather data on mishaps. Simulations used roof 
bolter machine and biomechanical human models that ran on 
Unigraphics Solutions-Engineering Ammation Inc.'s JACK 
simulation somare. In the computer model, mishap means two 
or more object properties interacting. Consequently, hazardous 
conditions were analyzed in virtual environments using collision 
detection. 
The model requires input data that closely matches an actual roof 
bolter machine operating characteristics such as dimensions and 
speeds as well as data that accurately reflects human physical 
characteristics (see figure 1 .) Researchers obtained this data using 
a roofbolter machine mock up and human subjects at PRL. The 
subjects were asked to perform prescribed motions with the mock 
up that simulated actual practice. Actual practice was determined 
through training videos, in-mine observations and videos, and 
The uncertainty or randomness inherent in the bolting task can be 
compared to someone drinking a can of beverage. The occurrence 
of lifting the can to one's mouth and placing it back onto the table 
top is considered a motion-path, an! one could easily visualize the 
path of that motion. To model a random motion, the sequence of 
someone drinking from a can of beverage would reoccur until the 
can is empty, and each motion-path would differ slightly even 
though the motions look alike. So the model would incorporate 
the randomness of the motion and path variance by changing the 
values that define that motion. Thus, for a machine and operator, 
the operator's various risk behaviors, motions of each risk 
behavior, and motion-paths associated with each motion behavior 
and moving machine appendages have some degree of 
randomness. These random motion-paths give the model a 
realistic representation of the operator's motions and behaviors 
found during underground mine roof bolting. 
Klishis et al study on workers job performance, machinery and 
work environment identified miners3sk and hazard exposures 
while bolting [ I ,  21. More than two-dozen bolting related 
problems (including specific human behaviors) were recognized as 
potential situations that could lead to injury or exposing workers to 
injury. Approaches to avoid these situations were suggested and 
applied at mining operations to evaluate specific problems in roof 
boltind tasks. Turin conducted a human factors analysis of hazards 
related to the movement of the drill head boom of a roof-bolting 
machine [3]. Seven recommendations to increase the safety of roof 
bolting operations were developed. 







